INTRODUCTiON
The Climaciaceae is a small family of mosses consisting of four species in a single genus, Climacium. In North America, the genus is represented by two species, C. americanum Brid. and C. dendroides (Hedw.) Web. and Mohr. Climacium dendroides has a circumboreal range and is widespread in north-temperate North America, whereas C. americanum is endemic to the eastern United States. Species of Climacium are among the most robust and recognizable of temperate mosses, characterised by below-ground rhizomatous stems and erect, branched, dendroid secondary branches. The common name, tree moss, is descriptive of the dendroid growth form typical of species in the genus. The production of sporophytes is very rare in both species of Climacium, apparently a result of most natural populations being unisexual, producing only female gametangia (Bedford, 1938) .
Climacium americanum varies in growth form from erect and strongly dendroid to elongate and trailing with an irregular branching pattern ( fig.   1 ). The variation in growth form of C. americanum has been observed to be dimorphic and is correlated with habitat: plants are generally dendroid in mesic forests and are trailing with irregular branching on rocks in small streams or in swamps.
However, the ecological correlation is far from absolute and both forms sometimes occur in what appears to be the same habitat.
The dimorphism in growth habit in Climacium americanum has resulted in various systematic treatments of the species. Renauld and Cardot (1890) of C. americanum (e.g., Crum and Anderson, 1981) . Horton and Vitt (1976) and Crum and Anderson (1981) Plants were refrigerated in a moistened state for 2-3 days prior to enzyme extraction. Several extraction buffers were tried in a preliminary study, including those described by Kelley and Adams (1977) for sequestering phenolic compounds released by Juniperus leaves, and by Soltis et a!. (1983) for extracting enzymes from gametophytes of ferns and fern allies. These extraction buffers did not improve the results obtained by extraction in a simpler 01 M tris-HC1 (pH 7.2) buffer with 05 per cent mercaptoethanol so that the latter was used exclusively in this study. Extractions were tried with and without freezing the plant material in liquid nitrogen prior to grinding; better results were obtained from frozen material, probably due to more effective fractionation of the tissue. After the enzymes were extracted and absorbed onto paper wicks, the latter were stored in a deep-freeze at -70°C until use. Electrophoretic separation of enzyme variants was accomplished on 12 per cent horizontal starch gels in either a discontinuous 02 M tris-citrate/lithium borate buffer system at pH 83 (ADH, ACP, GOT, MOH, PGI) or a continuous 0065 M histidine buffer atpH 57 (ESTfl, PER, PGM, SOD) (Cardy et a!., 1983) .
Approximately 20 enzyme systems were tested for activity, and scorably distinct bands were obtained for 8: acid phosphatase (ACP), alcohol dehydrogenase (ADH), fluorescent esterase (ESTfl), glutamate oxaloacetate transaminase (GOT), peroxidase (PER), phosphoglucosisomerase (PGI), phosphoglucomutase (PGM), and superoxidedismutase (SOD). Scorable bands were obtained from some individuals for malate dehydrogenase (MDH) but the amount of activity was too inconsistent to provide scorable reSults. Staining of enzymes was according to recipes slightly modified from Shaw and Prasad (1970) except for ESTfl, for which the staining schedule of Soltis et al. (1983) was followed.
RESULTS
Six out of the eight enzyme systems studied were polymorphic in at least one of the three collection localities (table 1; table 2 ). Only GOT and SOD were monomorphic within each site and were fixed for the same allele at all three sites. The same PER band was present in all of the 220 individuals sampled except one from New Hope Creek which expressed a slower band. This individual was also unique with regard to its PGM phenotype, expressing a band not found elsewhere. Two enzymes (ACP and ESTfl) were monomorphic at the Eno River locality but were polymorphic at New Hope Creek and Flat River. The ACP band fixed at the Eno River locality was also present at New Hope
Creek and Flat River, and a second ACP band present at the latter sites was the same at both sites. 
The single ESTfl band present at Eno River was also present at the other two localities. A second ESTfl band was present at both Flat River and New Hope Creek localities, and a third, much faster, band was expressed in three individuals (out of 60) from the Flat River. ADH was monomorphic at New Hope Creek but was polymorphic at the Eno and Flat River localities. Plants at the latter two localities expressed the same band as was present at New Hope Creek, plus a second band in common between the two localities where ADH was polymorphic. Any given individual expressed only one band for these enzymes. PGI and PGM were both polymorphic at all three sites. Up to eight PGI bands were expressed in individuals from the three sites although all were not scorable in every individual. Variation in PGI was noted in two sets of bands on the gel. A slowly migrating pair of bands exhibited variation, but were too indistinct to be scored consistently; among faster migrating bands, individual plants expressed either band 3 or band 5, but never both. In the present analysis, bands 3 and 5 of PGI were interpreted as allelic variation at a single locus.
PGM consistently expressed two bands per individual ( fig. 2) , one of which was monomorphic In spite of ambiguities concerning the genetic basis of observed enzyme variation in Climacium, our study has demonstrated a surprising degree of variation within and among localities. Sexual reproduction, as indicated by the production of sporophytes, appears to be extremely rare in Climacium americanum throughout its range (Crum and Anderson, 1981) . Bedford (1938) found that in C. dendroides, where sporophyte production is also very rare, most natural populations express exclusively female sexuality and fertilisation occurs only in those infrequent populations which are functionally bisexual. Bedford experimentally induced sexual reproduction by transplanting male gametophytes into a population of female gametophytes. Whether such unisexual populations contain genetically male plants that produce no gametangia, has not been determined.
Our field surveys have revealed few instances of sexual reproduction in C. americanum in North Carolina. Although the species is common, sporophytes have been found at only five localities, and in each case only two to five sporophytes occurred in a given population. Moreover, sexual reproduction was restricted to the non-dendroid morphological type occurring on rocks in small streams. We have not seen any sporophytes on plants corresponding to the var. americanum in North Carolina. During the fall of 1984, sporophytes occurred on a few plants in one clump of var. kindbergii from our Eno River collection locality, but sporophytes have not been observed at the two other sites included in this study. We found no more variation among plants at the Eno River locality where sexual reproduction is known to have occurred recently than at other localities.
The rarity of sexual reproduction in C.
americanum raises the question of the origin of the genetic variation found in this study. There have been a number of recent studies of genetic variation in asexually reproducing plants with the surprising result that such species contain significant levels of variation. Jeffries and Gottlieb (1983) found 39 enzyme phenotypes among clones of the sterile triploid Puccinellia x phyganodes in arctic North America. Christensen eta!. (1982) and Elistrand and Levin (1982) likewise demonstrated considerable variation in Oenothera laciniata, a permanent translocation heterozygote. Clones of Taraxacum officinale have been shown by several workers to have variable enzyme phenotypes. Usberti and Jam (1978) compared asexual and sexual populations of Panicum maximum and found that sexual lines had higher coefficients of variation for morphological characters and higher levels of allozyme polymorphism, but they found no significant differences in the levels of withinpopulation variation. Estimates of heritability (based on parent-offspring regression) were not higher for asexual species. Krzakowa (1977) and Krzakowa and Szweykowski (1979) found significant levels of peroxidase variation in the liverwort, Plagiochila asp!enioides, a species that is asexual over much of its range. Daniels (1982) also found higher levels of variation in three enzymes (ACP, EST, PER) within and among British populations of Sphagnum pulchrum, in spite of an apparent absence of sexual reproduction in the populations. Most explanations for the presence of such variation in asexually reproducing plants involves hypothesizing multiple colonisation of sites by different genotypes. Elistrand and Levin (1982) suggested that Qenothera !aciniata may be polyphyletic. Daniels (1982) suggested that variation in Sphagnum pulchrum has been retained from some hypothetical time in the past when sexual reproduction was more common.
The correlation between enzyme phenotypes and morphology indicates the presence of a strong linkage disequilibrium between the genes coding for these enzymes and the genes that control the mode of branching, leaf shape, and leaf areolation in C. americanum. Linkage disequilibrium, the nonrandom association of alleles at different loci (technically in the gametes, but in bryophytes, in the gametophyte generation) can have several causes. Disequilibrium may be the result of physical linkage among the genes, the founding of a population by a few colonisers, associative overdominance, or by selection acting on favourable epistatic gene interactions (Lewontin, 1974 Krzakowa (1979) studied variation in PER, EST, GOT, and GDH in 20 Polish populations of the liverwort Conocephalum conicum and found nine patterns of banding for the four enzymes. As a result of linkage disequilibrium, they could reduce the variation to two or three recurring enzyme phenotypes. Szweykowski and Krzakowa found that enzyme phenotypes correlated with morphological races of C. conicum and thus their results are much like those reported here. Krzakowa (1977) studied peroxidase variation in four species of the liverwort genus Pellia and found that each species could be characterised by its enzyme phenotype. In addition, Krzakowa found three populations that were morphologically similar to P. endivifo1ia but which expressed a unique enzyme phenotype. DeVries et a!. (1983) investigated eight enzyme systems of Racopilum spectabile and R. cuspidatum in the only electrophoretic study to date on a tropical bryophyte.
They estimated a genetic distance of 0672 between species but the estimate was based on a total of only 59 plants. There have also been a number of other recent electrophoretic investigations of infraspecific variation in bryophytes (e.g., Cummins and Wyatt, 1981; Daniels, 1982; Krzakowa, 1977; Zielinski, 1984a Zielinski, , b, 1986 Zielinski et a!., 1985) .
The most recent checklist of the mosses of North America (Crum et a!., 1973) listed Climacium kindbergii as a synonym of C. americanum. Our results, however, coupled with morphological data, suggest that C. kindbergii is distinct and should probably be disinguished either at the varietal or specific level. Shaw (in press) found that when transplanted into a greenhouse, the vars. kindbergii and americanum exhibit different modes of growth. Erect, dendroid branches of var. americanum appear to be determinate in growth and new growth of plants transplanted into a greenhouse occurs by the origin of new dendroid branches from the underground rhizomatous main stems. That is, already formed branches do not exhibit renewed growth. In contrast, when C. kindbergii is transplanted into a greenhouse, existing branches produce new growth from their apices and from the apices of their lateral branches. When grown under non-aquatic conditions, new growth produced by these plants is often more dendroid in form than field-grown portions of the same plants. However, they rarely become as dendroid as plants of the var. americanum grown in the field (Shaw, in press ).
In order to assess the taxonomic status of C. americanum and C. kindbergii it would be desirable to extend the electrophoretic study reported here over a broader geographic range, and to further investigate the morphological variation by reciprocal transplant studies done in the field.
